Nienaber et al MRI and TEE in Thoracic Aortic Dissection 435 echocardiography (TEE) 15 18 and magnetic resonance imaging with optional cine mode (MRI) are new noninvasive techniques. 19 21 Both modalities represent recent advances in clinical imaging technology and have been declared useful and reliable for the assessment of thoracic aortic disease22 25 ; further technical refinement such as multiplanar TEE has just become available. However, a randomized controlled validation study comparing monoplanar TEE and MRI to an independent morphological reference is not yet available.
Methods

Study Design
The TEE technique with color Doppler imaging has higher diagnostic reliability than YFE6 9, 26, 27 ; TEE avoids inherent limitations of the transthoracic approach such as obesity, narrow intercostal spaces, pulmonary emphysema, and mechanical ventilation by allowing the thoracic aorta to be scanned in multiple sections from close vicinity. '6,28 Moreover, the feasibility of TEE in the setting of aortic dissection and its superiority to conventional radiographic techniques have been demonstrated. 18 Recently, MRI has emerged as a promising diagnostic technique with potential for detailed anatomic mapping of the aorta. 24 To assess the diagnostic reliability of monoplanar TEE and MRI in suspected thoracic aortic dissection, the comparison was designed in a prospective fashion. Each patient was subjected to both imaging modalities in random order upon arrival; the results of both MRI and TEE were compared within individuals and validated against the independent morphological reference of contrast angiography and/or visual inspection at surgery or necropsy.
Study Patients
Between March 1988 and July 1991, 53 consecutive patients with suspected dissection of the thoracic aorta were entered into the study; there were 18 female and 35 male patients with a mean age of 52+15 years (range, years). A chest pain syndrome caused by the onset of unstable angina or a myocardial infarction, pulmonary embolism, or pneumothorax was carefully excluded before a patient was included in the dual imaging study.29 Most individuals had a history of controlled or uncontrolled hypertension; two patients (patients 29 and 36) had previous graft interposition for a true aneurysm of the ascending aorta, one (patient 30) had a composite graft, and one (patient 37) had a previous aortic arch replacement. After initiation of antihypertensive medication and mild sedation with diazepam, all patients were subjected to a precursory transthoracic echogram followed by both MRI and TEE in random order. The echocardiographic studies were performed under hemodynamic monitoring in the intensive care unit by experienced echocardiographers. MRI studies were performed in a nearby MRI unit under close observation of a cardiologist; telemetric ECG and sphygmomanometric blood pressure were monitored continuously. Two patients were studied while on mechanical ventilation. There were no adverse effects and no clinical deterioration or delay to surgery as a result of either imaging procedure.
Two patients were not included in this trial because they died on arrival before a diagnosis could be established in vivo; two additional patients were not incorporated for validation because of downtime of the MRI unit.
Echocardiographic Evaluation
An initial precursory echogram was performed in standard cross-sectional cuts using conventional 2.25-and 3.5-MHz transducers attached to a V3400 R CV60 (Diasonics Inc., Palo Alto, Calif.), an HP 77065, or an HP Sonos 1000 sector scanner (Hewlett Packard Inc., Andover Division, Andover, Mass.) with a 77570 Mitsubishi video copy processor. Two-dimensional TEE was performed, including color Doppler flow mapping and pulsed-wave Doppler echograms; a wide-angle, phased-array transducer operating at 5.0 MHz was used (HP 21362A, Hewlett Packard Inc.). Ultrasound images were recorded on a 0.5-in. VHS video recorder (Panasonic AG-7330 E, Panasonic Inc.). Photoprints were obtained from a Sony color printer or a Mitsubishi black-and-white video printer during playback of the recorded echograms.
In stable patients, TEE examination was performed after a fasting period of 1 hour; all others were studied within 1 hour of admission or immediately after completion of the MRI studies. The upper pharyngeal region was locally anesthetized with 10% xylocaine spray before the echoscope was introduced. Three hemodynamically unstable patients were studied on mechanical ventilation. All TEE studies were performed in the emergency department or intensive care unit under hemodynamic monitoring by three different operators, all trained echocardiographers with 3-11 years of experience. No complications were noted as the result of TEE except for fluctuating blood pressure responses. Gradual rotation and tilting of the probe provided an image of the descending aorta; gradual withdrawal of the probe permitted mapping of the ascending aorta and the arch. The image could be improved by a slight upward angulation for close contact with the esophageal wall. A schematic of the transesophageal access is depicted in Figure 1 . The TEE examination required 5-14 minutes, with an average of 8±4 minutes. Magnetic Resonance Imaging A whole-body MRI unit (Philips Gyroscan S15) operating at 1.5 T was used in all patients. With intravenous lines in place and patients in supine position, ECG-gated spin-echo (SE) pulse sequences with a trigger delay of 100 msec to the R wave were performed (echo time=30 msec). Guided by initial scout images for exact orientation, transverse scans were acquired encompassing the ascending aorta, the arch, and the proximal descending aorta. (Figure 3) . Separation of the pericardial contrast from the epicardium was considered diagnostic for pericardial effusion.
On MRI, a dissection of the aorta was diagnosed when two lumina were identified, separated by an intimal flap. Less specific criteria such as aortic widening or spiraling of a thrombosed false lumen were not considered diagnostic for dissection. Images were also assessed for evidence of pericardial effusion. With previously described cine-MRI techniques, scans were analyzed for the presence of thrombotic material in the false lumen42 and for evidence of aortic regurgitation.3343 Figure 4 Eleven patients presented with type B dissections, five of which were considered subacute; five were acute. and one was iatrogenic after retrograde left heart catheterization (patient 23). The age of this subset was 53+8 years. Three patients died within 10 davs: three patients were managed medicallv. Five patients underwent surgery, two of which (patients 29 and 30) had previous graft implantation for a true aneurysm confined to the ascending aorta and evidence of a new distal dissection.
A dissecting process of the thoracic aorta was excluded in 22 patients; two of them had a previous aortic graft operation for a dissecting aneurysm but no evidence of a new lesion of the aortic wall (patients 36 and 37). There was one noncardiac death (patient 34). The age in this subset was 52±14 years.
Detection ofAortic Wall Dissection
A dissection of the thoracic aorta was correctly identified in all 31 patients by both MRI and TEE, yielding a sensitivity of 100% each, whereas the conventional TTE revealed a significantly lower sensitivity of 82.7% (p<0.05). Twenty-two patients had no evidence of a dissection or wall lesion. All true negatives were correctly identified by MRI, reflecting a specificity of 100% with optimal accuracy and predictive values. Despite better specificity than TTE, TEE (Tables 1 and 3) . With a sensitivity of 55.5%, TTE appears not to be useful in assessing the descending aorta for a dissection; both TEE and MRI perform significantly better in assessing the descending segment. Conversely, two patients with type B lesions (patients 24 and 31) were misdiagnosed as a result of false-positive TEE findings in the ascending aorta and the arch. There was one false-positive type B lesion in a patient negative for dissection (patient 53), yielding a sensitivity of 90.9% and a specificity of 97.6% for identifying type B lesions by TEE. All type B dissections and all negative cases were correctly identified by MRI, resulting in both a sensitivity and a specificity of 100%. Nevertheless, the diagnostic powers of MRI and TEE for identifying type B dissections were not different ( Table 3) .
Epiphenomena of Thoracic Aortic Dissection
Both TEE and MRI were highly sensitive in visualizing the site and the spatial extent of an intimal flap irrespective of its location in the aorta, whereas the sensitivity of TTE was unacceptably low in both the arch and the descending aorta (Table 4) . With MRI, an intimal flap was identified in all instances in the ascending aorta, the arch, and the descending aorta. Similarly, TEE correctly identified a dissecting flap in all segments except for one segment in the aortic arch (patient 16). However, TEE was falsepositive in the ascending aorta of seven patients, in the aortic arch of three patients, and in the descending aorta of two patients, resulting in a specificity of 78.0% for the ascending aorta (p<0.01 versus MRI), of 94.0% for the arch, and of 92.8% for the descending thoracic aorta (NS).
Both tomographic imaging modalities were characterized by a similar sensitivity and specificity for the detection of the site of entry (Table 4 ). The sensitivity of TEE in detecting an entry in the arch and the descending aorta was 66.7% and 77.8%, respectively; MRI enhanced the sensitivity in visualizing the entry to 100% in both segments (NS). The entry to a dissection of the ascending aorta was not identified by MRI in four patients, resulting in a sensitivity of 71.4% versus 80.0% by TEE (NS). Neither modality resulted in false-positive findings.
Both the detection and the localization of intraluminal thrombus material was moderate by TEE (Table 4) ; the sensitivity of TEE was 75% in the ascending aorta versus 100% for MRI (NS). In more distal segments of the aorta, the sensitivity of TEE for thrombi was lower than that of MRI both in the aortic arch (p<0.01) and the descending aorta (p<0.05). With MRI, thrombosis of the false lumen was correctly identified in all cases irrespective of the -, no dissection; A, B, C, segments of the ascending aorta (A), the aortic arch (B), and the descending aorta (C), respectively (see Figure  1) ; n.a., not assessed (because of technical or anatomic limitations); ang, contrast angiography; XCT, contrast-enhanced computed tomography; aDSA, arterial digital subtraction angiography.
site within the thoracic aorta; there was no falsepositive signal of thrombus formation by MRI. Again, TTE was not useful for the detection of an entry or of thrombus formation (Table 4) .
Aortic regurgitation was correctly identified in all 21 patients by both TTE and TEE using color Doppler flow imaging (Table 5 ). There were four false-positive findings with both the transthoracic and transesophageal techniques, however, yielding a specificity of 87.5% and 90.3% for ITE and TEE, respectively (patients 2, 7, 35, and 47; patient 2 not available for TEE). Cine-MRI evaluation of the 45 The slightly lower number of 41.5% true negative results in this study may be explained by a careful selection based on rigid inclusion criteria. Every patient with initial clinically suspected aortic dissection was meticulously screened for a differential diagnosis before the index patient was included in this study.
Transesophageal Echocardiography Versus Magnetic Resonance Imaging
In this trial, both MRI and TEE emerged with excellent sensitivity for dissection of the thoracic aorta, in contrast to conventional TTE; even a direct visualization of the dissecting flap was usually possible throughout the entire thoracic aorta by both MRI and TEE. However, the specificity of TEE was inferior to the specificity of MRI in the ascending aorta (p<0.005). TEE findings were suggestive of a dissecting lesion in seven of 22 patients without evidence; angiographic validation in those seven patients and additional XCT scans in five of them established true negative findings. False-positive findings by TEE confined to the ascending aorta may be caused by extensive plaque formation or by echo reverberations in an ectatic vessel, as shown in Figure  6 (patient 38). Another false-positive case was asso- enon in both true and false lumen; however, this would be at the expense of sensitivity.
Nevertheless, the lower specificity of TEE confined to the ascending aorta may not be surprising, considering the lack of data on specificity of TEE. No other study using TEE in aortic dissection was designed to assess specificity in a prospective fashion; the results of two valuable studies were derived either from selected patients with documented dissections41 or by use of an unblinded approach. '8 Interestingly, this problem with transesophageal ultrasound of the ascending aorta (and the arch) has been previously recognized; Erbel et alt$ noted two false-positive results caused by echo reverberations in a series of 59 patients with a dissection confirmed at surgery or necropsy. The lower number of false-positive results in the previous report may be explained by the combined use of diagnostic information derived from both transthoracic and transesophageal echograms18; in the current series, however, the information derived from both ultrasound techniques was used independently. Yet, the combined use of TTE Conventional contrast angiography required 38±10 minutes in this study, which was similar to the time for cine-MRI. Considering the risk of retrograde angiography in aortic dissection,48 the acute death of one patient with an acute type A lesion (patient 2) and two patients with type B lesions (patients 22 and 27) may possibly be related to propagation of the dissection. Both TEE and MRI overcome these limitations because they are atraumatic and do not require the injection of contrast medium to visualize a disrupture of aortic wall layers.
Feasibility and Safety
In conformance with previous experience49 but in contrast to a recent report,50 this trial supports the safety of TEE in the setting of aortic dissection; more important, this is the first report to establish MRI as a safe procedure even in severely ill patients with acute aortic dissection. The limited patient access during MRI for 39±16 minutes was not associated with an increased risk. No serious side effects occurred during either imaging procedure; bradycardia, supraventricular or ventricular tachycardia, asthma, and evidence of myocardial ischemia were not observed.'7 Moderate changes in heart rate and blood pressure with the insertion of the transesophageal probe were well tolerated. Forty-seven individuals were receiving oral or intravenous antihypertensive medication during the examination, and 39 were given oral diazepam. Mechanical ventilation did not interfere with either imaging procedure. Despite a longer duration of MRI, both noninvasive techniques were safe and all attempted studies could be completed. No patient was excluded because personnel were unavailable to perform any diagnostic examination, and emergency operations were not delayed because both an MRI and echocardiographic service for diagnostic procedures, including TEE, was available on a 24-hour basis.
Clinical Impact and Conclusions
In the scenario of suspected thoracic aortic dissection, bedside TEE emerges as a favorable diagnostic approach with excellent sensitivity for the detection and characterization of a dissecting lesion; however, false-positive findings in the ascending segment are a potential problem with monoplanar TEE, which might be overcome in the near future by multiplanar echocardiographic imaging techniques. At the present time, MRI emerges as the noninvasive standard for the diagnosis of thoracic aortic dissection irrespective of its location. MRI provided exact anatomic mapping of the entire aorta and adjacent tissues because of free choice of representative planes within a reasonable time. Disadvantages of current MRI technology, such as patient transportation, limited patient access, and longer examination time than TEE did not result in an increased individual risk. MR scanners with better patient access and more rapid acquisition may alleviate these drawbacks.
With permanent availability of MRI, the costs for scans will be contained at reasonable limits. Moreover, whereas surgeons tend to accept a patient solely on the basis of an adequate MR scan, an echocardiographic diagnosis often requires consolidation and detailing by an additional contrast-enhanced computed tomography scan, by digital angiography, or even by an MR scan. As a clinical routine after a precursory transthoracic scan, TEE appears to be recommended for immediate diagnostic evaluation of unstable and clinically deteriorating patients; however, MRI emerges as a promising method for mapping the entire aorta, for guiding surgical interventions, and for definitely ruling out false-positive findings in patients with suspected thoracic aortic dissection.
